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 Contain the tallest (Hyperion  [coast redwood] 115.7 m) and largest 
(General Sherman [giant sequoia] @ 55,000 ft3) trees in the world 

  Some of  the forests are among the most productive and long-lived 
in the world 

 California’s National Forests are growing at the rate of  3.7 billion 
board feet/year on 9.8 million acres of  non-reserve land 

 On Public Land Forests (ex. Forest Service) harvest levels are at 8% 
of  growth 

 Many forests are overstocked with small trees that 
significantly reduce forest resilience to climate change, 
wildfire, and pests/pathogens. 

California’s Forests  



Many of  California’s forest evolved with  
and are dependent on fire Forest Type Fire 
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Current FRI  
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Current wildfires burn differently: 
mostly high-intensity crown fires that 
kill most trees even the large, old ones. 



Climate Change = More Fires 
A. Fire frequency and 

temperature 
B. Snowmelt timing 
C. Fire season length 

Westerling et al. 2006.  Science 

But burns will likely be 
large, high-severity fires, 
like the recent Rim Fire 



How does fire-
suppressed forest 
conditions affect 

ecosystem processes? 

1) High stem density:  Changes mortality from fire to drought and 
insects.  Many ecosystem processes are ‘stalled’. 
 

2) High canopy cover: dramatically reduces variability in 
microclimate and wildlife habitat, reduces surface snowpack depth 
slowing decomposition. 
 

3) Fuels accumulations: Heavy litter and coarse woody debris 
homogenizes the forest floor substrate reducing understory plant 
diversity and cover. 



Why not thin the forest? 
Lack of  Infrastructure to Process Woody Material 

46% of Mills Closed in the Last Decade 
Sparse distribution of biomass 

processors (2008) 



•Mortality in the forest is now primarily driven by drought and beetles 
  
• Increased tree density from fire suppression contributes to drought stress 
 
• Climate change is likely to make this a substantial problem:  greater annual weather variability, 
higher evaporative demand, bark beetle populations are kept in check by cold over-wintering 
temperatures—a condition that is likely to become more rare 

Fire suppression increase stem density, making trees more prone to 
drought and bark beetles 



Why Forest Carbon Matters:  
Climate Mitigation Potential 

• About 31% of  the world is covered by 4 billion 
hectares of  forest (FAO definition of  > 10% tree 
cover) 
 

• Forests (vegetation and soil) store > 2 times the 
amount of  carbon present in the atmosphere (FAO 
2005) 
 

• Terrestrial ecosystems, of  which forests are major 
contributors, remove nearly 3 Pg C year-1, and 
forests alone absorb about 12% of  all human CO2 
emissions. 
 

• Of  natural disturbances, wildfire has the greatest 
global impact on forest carbon stocks, contributing 
an estimated 3.43 billion tons of  CO2 into the 
atmosphere annually (FAO 2006; Bowman et al. 
2009).  

Another problem 
caused by 

deforestation 



Carbon Carrying Capacity: 
 

The potential carbon mass that a forest can store under prevailing 
environmental conditions and natural disturbance regimes  
 
• Keith H, Mackey BG, and Lindenmayer DB.  2009.  Re-evaluation 
of  forest biomass carbon stocks and lessons from the world’s most 
carbon-dense forests.  Proc. Nat. Acad. Sci. 106: 11635-11640. 
 



Carbon Banking:  Risk vs. Security 



Higher  
Risk 

More 
Stable 



Carbon Stability and Risk: Modeling of  carbon over next 
300 yr with different future drought and fire scenarios 

• White fir condition—most common in CA’s 
mid-elevation forests: forests are left alone 
and fire suppression continues. 
 

• Pine condition:  thinning and/or prescribed 
fire are used to shift and than maintain a 
pine-dominated stand that is more drought 
and fire resilient.  
 

• Actively managed pine condition has much 
more reliable, stable carbon stocks (smaller 
size of  the shaded area at right) than white 
fir because both species and stand conditions 
(low density of  large trees) are more tolerant 
of  likely future drought and fire conditions. 



In Sum: 

Many forests are unstable due to 
fire suppression and past logging 
 
They are not resilient to 
additional stress such as climate 
change, and likely  to experience 
increased mortality 
 
Management (i.e., mechanical and 
fire) that reduces forest density 
(making stands more drought and 
pest resistant) and fuel loads will 
greatly benefit forest resilience 
and increase carbon stability 
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